Unit V- A and B – Reproduction and Development

Unit Outline
I.  Meiosis and Sexual Reproduction – Chapter 21


A.  Meiosis (21-1) – This section was completed with Unit I-B. 


B.  Sexual Reproduction in Simple Organisms (21-2)



1.  Advantages of Sexual Reproduction




a.  In organisms that reproduce asexually there is very little difference 

between parents and offspring.  Because of this lack of variation, the species is unable to adapt when their environment changes.

b. In sexually reproducing organisms the offspring show new combinations of characteristics.  This variation acts as an essential raw material for evolution.




2.  Conjugation and Mating Types





a.  The simplest way to increase the genetic variation in simple 





organisms is via the process of conjugation.

b.  In conjugation, a bridge of cytoplasm forms between two cells and an exchange or transfer of nuclear material takes place across the conjugation tube or bridge.

c.  Conjugation takes place in bacteria and some protests, as a means to increase the genetic variation of a population.

d.  Although there are no true “male” or “female” cells, conjugation usually takes place between different mating types or strains of organisms.  These mating types are often designated a plus (+) and a minus (-).  




3.  Conjugation in Bacteria





a.  In bacteria the donor is able to give a copy of all or some of its 





genetic material to another mating type, called the recipient.





b.  The donor’s DNA is usually incorporated into the genetic 





information of the recipient.




4.  Conjugation in Spirogyra





a.  Spirogyra is a type of green algae that has threadlike filaments.





b.  During conjugation two mating filaments of different mating types 

(called a passive and active type) lie side by side.  Each cell of the filaments is haploid.  
i. When a conjugation tube is formed, the contents of the active cell move through the tube into the passive cell.  The combination of the haploid active cell, and haploid passive cell, creates one diploid cell.  
ii.  This diploid cell forms a zygospore and lies dormant until conditions are favorable.  

iii.  When favorable conditions arise, the zygospore undergoes meiosis forming four haploid cells.  Three of these cells die.  The surviving monoploid cell divides by mitosis to form a new monoploid filament, and the cycle is repeated.



5.  Conjugation in Paramecium





a.  Paramecium usually reproduce asexually by binary fission.  From 





time to time they reproduce by conjugation.






i.  During conjugation, two Paramecium stick together by their 






oral groove.






ii.  A complex series of changes in the nuclear material results 

in each paramecium exchanging some of the genetic material of their micronucleus with the other.

iii.  After the exchange of genetic material, followed by meiotic and mitotic cell and nuclear divisions, eight genetically varied paramecia are produced.


C.  Sexual Reproduction in Animals (21-3)



1.  Reproductive Systems





a.  The gametes (sex cells) in animals are produced in specialized 





organs called the gonads.





b.  The female gonads are called the ovaries which produce egg cells.





c.  The male gonads are called the testes which produce sperm cells.

d.  The gonads, in combination with the other specialized organs needed for sexual reproduction are referred to as the reproductive system.




2.  Separation of Sexes and Hermaphroditism





a.  In most animals, the sexes are separate.  Some organisms however 





have both testes and ovaries and are considered hermaphrodites.





b.  Hermaphroditism is most common in organisms that move slowly, 





and/or do not come across members of the same species on a frequent 





basis.





c.  Self fertilization is rare in hermaphrodites.

3.  Gametogenesis: Meiosis in Females and Males – The process by which gametes (sex cells) develop in the gonads is called gametogenesis.




a.  Oogenesis is the production of eggs in the ovary.

i.  Egg cells develop from immature diploid cells called oogonia.  In humans, the oogonia divide many times by mitosis before birth.  

ii.  Before birth, in about the 3rd months of development, the oogonia become primary oocytes.  Before birth the primary oocytes begin to undergo meiosis.  Meiosis is suspended during the first meiotic division.  The egg is suspended in this state until the female reaches sexual maturity.

iii.  After sexual maturity, about once each month, one of these primary oocytes finishes meiosis and develops into a functional egg (or ovum).
iv.  When the primary oocyte undergoes meiosis the cytoplasm divided unequally.  One of the cells, called the secondary oocyte, will receive most of the cytoplasm.
v.  This secondary oocyte will develop into the ootid and eventually into the mature ovum (egg).  The other three cells, produced by the meiotic division, contain very little cytoplasm and are called polar bodies.  These cells quickly die and are reabsorbed by the female body.





b.  Spermatogenesis is the production of sperm in the testis.
i.  within the testes, the sperm develop from immature cells called spermatogonia.  Spermatogonia can divide mitotically to produce more spermatogonia, or meiotically to produce mature sperm.
ii.  Unlike female eggs, the number of sperm are not limited in the male.

iii.  Over the course of development, the spermatogonium matures to becomes a primary spermatocyte.  The primary spermatocyte then meiotically divides to form a secondary spermatocyte, and then a haploid spermatid.  
iv.  Spermatids develop into a mature flagellated sperm cell.

v.  Again, unlike the female, each primary spermatocyte gives rise to four haploid mature sperm cells.




4.  Comparison of Egg and Sperm





a.  Eggs are usually round, unable to move on their own, and are larger 





than sperm of the same species.



b.  The size of the egg depends on the amount of yolk (stored food) 



found within it.



c.  Eggs that develop outside the mother must contain stored food and 

water, and are generally much larger than those that develop inside the mother.

d.  The eggs of most mammals are microscopic.

e.  Most sperm cells are microscopic.  

f.  Sperm are made of a flagellum, middle piece, and a head consisting of an acrosome and a nucleus which contains the chromosomes.

g.  The acrosome contains digestive enzymes that help the sperm to penetrate the egg.

h.  The middle piece is full of mitochondria which provide the energy necessary to move the flagellum.




5.  Fertilization and Zygote Formation





a.  Fertilization Summary

i.  The combination of a haploid (monoploid) egg and haploid sperm, produces a diploid zygote (fertilized egg).  






ii.  When a sperm cell encounters an egg, the digestive 






enzymes of the acrosome are released.  These enzymes 

degrade the protective membranes of the egg, allowing the nucleus in the head of the sperm to enter the egg.

iii.  After a single sperm enters the egg, a fertilization membrane quickly forms around the egg.  This membrane prevents other sperm from entering, and protects the zygote.




b.  External Fertilization





i.  The term external fertilization is used when the sperm and 






egg fuse outside the females body.





ii.  External fertilization takes place only in organisms that 






breed in water.






iii.  The only sex organs required are gonads and ducts to 






release the gametes out to the water.






iv.  because many of the eggs or developing offspring may be 

eaten or die due to changes in the environment, large quantities of eggs are produced.

v.  To improve the chances of eggs and sperm meeting, gametes are not released at random.  Instead, hormonally controlled behavior patterns make certain that eggs and sperm are released at the same time.

vi.  External fertilization takes place in many aquatic invertebrates, most fish (but not sharks), and many amphibians.

vii.  In fish, the process of external fertilization is called spawning.





c.  Internal Fertilization






i.  Internal fertilization occurs when the egg and sperm fuse 






inside the body.






ii.  For internal fertilization, the male must have a specialized 

sex organ to transport sperm into the female, and the female must have a specialized organ to receive it.

iii.  After fertilization within the female, the egg can remain and develop in the female, such as the case in most mammals, or it can be covered in a protective shell and released to develop externally.

iv.  Fewer eggs are needed with internal fertilization, because they are well protected, and the chance of fertilization is higher.

v.  Because gametes only live for a short time period, mating must take place within certain periods.  This timing is controlled by hormones which effect the behavior and/or anatomy of the animal.
vi.  Specialized timing adaptations have evolved such as singing, the display of special feathers, or color changes of the skin, and the release of pheromones, which have distinct odors. 

vii.  In some organisms such as bats, bees and some flies, the timing problem is solved by the female storing sperm for extended periods of time.

6.  Parthenogenesis is the development of an egg into an organism without the addition of sperm.  


i.  Parthinogenesis occurs in bees, wasps, and aphids.
ii.  In bees, unfertilized eggs develop into male drones, while fertilized eggs develop into female workers or queens.

